EP 3 457 767 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
20.03.2019 Bulletin 2019/12

(21) Application number: 18183115.7

(22) Date of filing: 04.10.2012

(11) EP 3 457 767 A1

EUROPEAN PATENT APPLICATION

(51) IntClL:
HO4W 52/02 (2009.07)

(84) Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

(30) Priority: 04.10.2011 IN 3442CH2011
28.09.2012 IN 3442CH2011

(62) Document number(s) of the earlier application(s) in
accordance with Art. 76 EPC:
12838007.8 / 2 764 735

(71) Applicant: Samsung Electronics Co., Ltd.
Gyeonggi-do 16677 (KR)

(72) Inventors:
¢ BAGHEL, Sudhir Kumar
560037 Bangalore (IN)
¢ MANEPALLI, Venkateswara Rao
560037 Bangalore (IN)

(74) Representative: Nederlandsch Octrooibureau
P.O. Box 29720
2502 LS The Hague (NL)

Remarks:

This application was filed on 12-07-2018 as a
divisional application to the application mentioned
under INID code 62.

(54)

A SYSTEM AND A METHOD OF CONFIGURING RADIO ACCESS NETWORK PARAMETERS

FOR A USER EQUIPMENT CONNECTED TO A WIRELESS NETWORK SYSTEM

(67)  The present invention relates to a method for
providing information for power saving by a terminal in a
wireless network system. The method comprises receiv-
ing, from a base station, configuration information asso-
ciated with a power of the terminal, determining whether
current information for power saving is different from pre-

vious information for power saving based on the config-
uration information, and transmitting, to the base station,
an indication associated with the current information for
power saving if the current information for power saving
is different from the previous information for power sav-

ing.

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 457 767 A1 2

Description
[Technical Field]

[0001] The presentinvention relates to mobile commu-
nication technology. More specifically, relates to man-
agement of radio network access parameters of user
equipment connected to a wireless network such as a
Long Term Evolution (LTE) type of network, thereby con-
tributing to reduced power consumption.

[Background Art]

[0002] Inrecentdays, user equipment such as a smart
phone is used for multiple purposes to assist a user. This
multipurpose usage has led to invention of number of
applications that are available and compatible to run in
the smartphone. Each of the applications that are running
in the smart phone either simultaneously or discretely
contribute heavily to the consumption of battery power
of the smart phone.

[0003] Generally, in a Long Term Evolution (LTE), a
broadband based network, the smart phone presentin it
is configured to enter either an idle mode or a connected
mode as and when required. And a set of radio access
network parameters are configured in the smart phone
during either of the modes and during transition between
the two.

[0004] The smart phone enters the connected mode
by receiving a Radio Resource Control (RRC) connection
setup message to a network system and enters the idle
mode by receiving a RRC connection release message
to the network system. When the smart phone is in the
connected mode, an active data transfer link (uplink or
downlink) is established and the applications remain ac-
tive in the smart phone. When the smart phone is in the
idle mode, the applications can still be running pertaining
to the nature or type of the applications running in the
smart phone, wherein the applications contribute directly
to data transfer. Further, it is likely that the smart phone
may enter a Discontinuous Reception (DRX) mode when
it is in connected mode.

[0005] The power consumption by the user equipment
may be determined partly by the DRX configuration, other
Radio Access Network (RAN) parameters, and number
of transitions between the idle and the connected mode
by the user equipment. Each of the applications running
in the smart phone contributes to the configuration of the
DRX configuration, the transitions, and data traffic char-
acteristics observed between the smart phone and the
network system.

[Disclosure of Invention]
[Technical Problem]

[0006] The network system may be enabled to config-
ure the DRX configuration for the smart phone independ-
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ently to better configure the data traffic characteristics.
However, the network system may not be fully aware of
the smart phone and its related information while config-
uring the DRX configuration. Hence, a better configura-
tion of the DRX configuration results in reduced power
consumption of the smart phone making it to last longer
in a particular charge-discharge cycle.

[Solution to Problem]

[0007] A method of configuring parameters of a Radio
Access Network (RAN) in a wireless network system,
comprising: receiving a plurality of Discontinuous Recep-
tion (DRX) configurations from a network entity of the
wireless network system, wherein the plurality of DRX
configurations is one of the parameters of the RAN; de-
termining traffic characteristics of applications running in
the user equipment; selecting one of the plurality of DRX
configurations based on the traffic characteristics asso-
ciated with the user equipment; and transmitting infor-
mation on the selected DRX configuration to the network
entity so that the network entity applies the selected DRX
configuration for the user equipment.

[Advantageous Effects of Invention]

[0008] In an embodiment, as a part of the process of
traffic monitoring or the DPI, involves cost in performing
the same, it may not be advantageous to perform traffic
monitoring/DPI very frequently.

[Brief Description of Drawings]
[0009]

Figure 1 illustrates a block diagram of a network sys-
tem, in accordance with an embodiment of the
present invention.

Figure 2 illustrates schematic view of an exemplary
DRX configuration for communication with the user
equipment in a wireless networking system.

Figure 3a illustrates a flow diagram on a process of
configuring one of the Radio Access Network (RAN)
parameters, Discontinuous Reception (DRX) config-
uration, in accordance with an embodiment of the
present invention.

Figure 3b illustrates a flow diagram on a process of
configuring one of the Radio Access Network (RAN)
parameters, Discontinuous Reception (DRX) config-
uration, in accordance with an embodiment of the
present invention.

Figure 3c illustrates a flow diagram on a process of
configuring one of the Radio Access Network (RAN)
parameters, Discontinuous Reception (DRX) config-
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uration, in accordance with an embodiment of the
present invention.

Figure 3d illustrates a flow diagram on a process of
configuring one of the Radio Access Network (RAN)
parameters, Discontinuous Reception (DRX) config-
uration, in accordance with an embodiment of the
present invention.

Figure 3e illustrates a flow diagram on a process of
the UE indicating to network at change in the traffic
characteristics and the UE desiring to change the
configuration, in accordance with an embodiment of
the present invention.

Figure 4 illustrates a block diagram of a Long Term
Evolution (LTE), in accordance with an embodiment
of the present invention.

Figure 5 illustrates a flow diagram for a process of
configuring the RAN parameter, the DRX configura-
tion, in accordance with an embodiment of the
present invention.

Figure 6 illustrates a flow diagram illustrating a proc-
ess 600 of updating the DRX configuration by mon-
itoring channels of an LTE network, in accordance
with an embodiment of the present invention.

Figure 7 is a block diagram illustrating user equip-
ment capable of managing the RAN parameter, the
DRX configuration, in accordance with an embodi-
ment of the present invention.

Figure 8 is a block diagram illustrating an evolved
node (eNB) capable of managing the RAN parame-
ter, the DRX configuration, in accordance with an
embodiment of the present invention.

[Mode for the Invention]

[0010] In an embodiment of the present invention, a
method of managing parameters of a Radio Access Net-
work (RAN) in a wireless network system is provided.
The method includes the steps of receiving a plurality of
Discontinuous Reception (DRX) configurations from a
network entity of the wireless network system, determin-
ing traffic characteristics of applications running in the
user equipment, selecting one of the plurality of DRX
configurations based on the traffic characteristics asso-
ciated with the user equipment, and transmitting infor-
mation on the selected DRX configuration to the network
entity so that the network entity applies the selected DRX
configuration for the user equipment.

[0011] In an embodiment of the present invention, a
method of configuring parameters of a Radio Access Net-
work (RAN) in the wireless network system is provided.
The method includes the steps of providing a plurality of
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DRX configurations to the user equipment by a network
entity of the wireless network system, receiving a DRX
configuration from the plurality of DRX configurations
from the user equipment, wherein the received DRX con-
figuration is selected by the user equipment based on
traffic characteristics, and applying the received DRX
configuration for communication with the user equip-
ment. Figure 1 illustrates a block diagram of a network
system 100, in accordance with an embodiment of the
present invention.

[0012] The network system 100 includes User Equip-
ment (UE) 102 connected to more than one network en-
tities 104 through a wireless network 106. The UE 102
communicates with the network entities 104 with a set of
parameters called Random Access Network (RAN) pa-
rameters that configure the network settings enabling the
UE 102 to communicate. For example, if the UE 102 is
a smart phone or an advanced mobile communication
device, most of the power consumption of the UE 102 is
determined by the RAN parameters.

[0013] Figure 2 illustrates schematic view of an exem-
plary DRX configuration 200 for communication with the
user equipment in a wireless networking system.
[0014] In an embodiment of the present invention the
DRX pattern determined with the help of the UE 102 may
at least include one or more of the parameters such as
drx-InactivityTimer, onDurationTimer, longDRX-Cycle,
shortDRX-Cycle, and drxShortCycleTimer.

[0015] Asshowninfigure 2, delaysinadataconnection
can be mapped to the activity transions in the system
100 in ways such as short Inter Packet Arrival Duration
(IPAD) can be mapped to drx-InactivityTimer 204 of the
UE 102 for communication with one of the network enti-
ties. A medium IPAD can be mapped to DRX cycle pe-
riods (long/short) 206 of the UE 102 for communication
with one of the network entities. A long IPAD can be
mapped to Connected to Idle transition time of the UE
102 for communication with one of the network entities.
The minimum possible continuous data activity after data
activity starting events can be mapped to OnDuration-
Timer 202 of the UE 102 for communication with one of
the network entities.

[0016] In another embodiment, when the UE 102 is
providing the assistance to the eNB 104 (one of the net-
work entities), for each of the parameters of the DRX
configuration the UE 102 may utilize certain information.
For example, in case of presence of keep-alive applica-
tions running in the UE 102, heart beat interval or pulse
of the applications can be mapped to the DRX cycle du-
ration, one of the parameters of the DRX configuration.
For another example, minimum possible packet size and
the corresponding radio time that UE 12 and the eNB
104 takes at every pulse interval can be mapped to the
OnDurationTimer, one of the parameters of the DRX con-
figuration. A processing time an application needs to
process the commands/requests of user and respond
with data or further commands/requests can be mapped
to drx-Inactivity timer of the UE 102, wherein the drx-
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Inactivity timer is one of the parameters of the DRX con-
figurations.

[0017] Further it may be preferable when there are
more than one application being executed in the UE 102,
in parallel mode, the DRX parameter selection may be
performed by the UE 102 in combination with the eNB
104 be in such a way that it suits operating conditions of
all the applications. In such conditions, for example, val-
ues corresponding to application with highest quality of
service may be used to map EPS (Evolved Packet Sys-
tem) bearers. For another example, values correspond-
ing to application with mean or median quality of service
can be used to map EPS bearers. For yet another exam-
ple, the UE 102 can collect the data of all the applications
orthe applications with high quality of service/priority run-
ning over a timer period and can process to get the IPAD
of the data packets and categorize the IPAD in 2 zones
short, medium and long, and map them to the DRX con-
figurations. Further the UE 102 may make a CDF (Cu-
mulative Distibutive Function) and PDF (Probability Den-
sity Function) with the IPAD, and can map the values
accordingly. Examples for such mapping of values are
short IPAD to alpha probability, medium IPAD to beta
probability, and long IPAD to gamma probability. Further,
in such examples, values of alpha, beta, and gamma can
be derived by the UE 102 or can be provided by one of
the network entities. Further, the eNB 104 may as it is
use the values suggested by the UE 104 or does some
additional processing. Based on the availability of DPI
inputs and quality of service inputs which are now known
to the UE 102 as an ARP (Admission and Retention Pri-
ority) of the EPS bearer, the eNB 104 can further opti-
mize. In the eNB 104, DPI can provide all the above said
information of IPAD statistics. For example, DPI can also
provide details of protocols that are running in a particular
mobile device, which the eNB 102 may prioritize for those
services using such protocols.

[0018] In an embodiment, as a part of the process of
traffic monitoring or the DPI, involves cost in performing
the same, it may not be advantageous to perform traffic
monitoring/DPI very frequently. Hence, it may be advan-
tageous to preserve the values of the RAN parameters
at the end of fine tuning or the end of the current connec-
tion and retrieve them at the initiation of the next connec-
tion. The retrieved parameters can be immediately be
used in the new connection as they will be already opti-
mized and if required can be fine-tuned again later in the
connection. This saving of the parameters can be either
doneinthe eNB 104 or the MME 106 or any of the network
entities.

[0019] Figure 3aillustrates aflow diagram on a process
300a of configuring one of the Radio Access Network
(RAN) parameters, Discontinuous Reception (DRX) con-
figuration, in accordance with an embodiment of the
present invention.

[0020] The process 300a denotes the effect of change
in traffic characteristics of the UE 102 in determining the
RAN parameters including the DRX configuration. The
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connection is established at 304. The network entity 106
transmits a plurality of DRX configurations to the UE 102
at 306. The UE 102 determines the traffic characteristics
based on the number or types of the applications that are
currently being executed in the UE 102 at 308. Based on
the traffic characteristics, the UE 102 selects one among
the plurality of DRX configurations at 310. The UE 102
transmits information on the selected DRX configuration
to the network entity 106, denoted as 312. The network
entity 104 applies the selected DRX configuration in the
UE 102 for communication; the step is denoted as 314.
The UE 102 determines if there is a change in traffic
characteristics, and the steps of the process 300a from
310 to 316 are repeated.

[0021] Figure3billustrates aflow diagram on a process
300b of configuring one of the Radio Access Network
(RAN) parameters, Discontinuous Reception (DRX) con-
figuration, in accordance with an embodiment of the
present invention.

[0022] The process 300b begins with establishing con-
nection in the network at 304. The network entity 106
transmits a plurality of DRX configurations to the UE 102
at 306. The UE 102 determines the traffic characteristics
based on the number or types of the applications that are
currently being executed in the UE 102 at 308. At 320,
the UE 102 determines whether there is any of the plu-
rality of DRX configurations transmitted at step 308
matches the traffic characteristics of the UE 102. When
there is not matching DRX configuration available in the
plurality of DRX configurations, the UE 102 requests to
provide a different set of configurations, the step is de-
noted by 322. The network entity 104 determines a dif-
ferent set of plurality of DRX configurations; the step is
denoted by 324. Aresponse is sent to the UE 102 by the
network entity 104, at step 326. When the UE 102 selects
one among the different set of plurality of DRX configu-
rations at step 328, a transmission is sent consequently
with selected DRX configuration, denoted as 330. The
selected DRX configuration is applied at step 332 by the
network entity 104 on the UE 102. Thereafter, application
of DRX configuration is indicated at the UE 102, denoted
as 334. Thereafter, it is determined whether there is any
change in the traffic configurations of the UE 102, if there
is any, steps 328 to 334 is repeated.

[0023] Figure3cillustrates aflow diagram ona process
300c of configuring one of the Radio Access Network
(RAN) parameters, Discontinuous Reception (DRX) con-
figuration, in accordance with an embodiment of the
present invention.

[0024] The process 300c illustrates one of the modes
of configuring the DRX pattern including other RAN pa-
rameters. The set of parameters or RAN parameters in-
clude Channel Quality Indicator (CQl), Scheduling Re-
quest (SR), Pre-coding Matrix Indicator (PMI), Rank In-
dication (RI), and Sounding Reference Signal (SRS),
connected to idle transition time. The connection is es-
tablished at 304. The network entity 106 transmits a plu-
rality of DRX configurations to the UE 102 at 306. The



7 EP 3 457 767 A1 8

UE 102 determines the traffic characteristics based on
the number or types of the applications that are currently
being executed in the UE 102 at 308. The UE 102 selects
a DRX configuration among the plurality of DRX config-
urations. When the UE 102 selects one among the dif-
ferent set of plurality of DRX configurations at step 328,
a transmission is sent consequently with selected DRX
configuration, denoted as 330. The selected DRX con-
figuration is applied at step 332 by the network entity 104
on the UE 102. Thereafter, application of DRX configu-
ration is indicated at the UE 102, denoted as 334. The
transition of the UE 102 from the connected mode to the
idle mode is denoted by the UE 102, at step 336. Similar
to DRX configuration other RAN parameters can also be
shared and negotiated between the UE 102 and the net-
work entity 104 for configuration. The applied DRX con-
figuration and/or RAN parameters is stored, in the step
338. Thereafter, transition from the idle mode to the con-
nected mode is denoted by the UE 102.The stored DRX
configuration and/or RAN parameters of step 338, is ap-
plied at the UE 102 at step 342. In an embodiment, the
DRX configuration include DRX Inactivity Timer, on-du-
ration timer, long DRX-Cycle, short DRX-Cycle, and DRX
Short Cycle Timer.

[0025] Figure 3dillustrates aflow diagram ona process
of configuring one of the Radio Access Network (RAN)
parameters, Discontinuous Reception (DRX) configura-
tion, in accordance with an embodiment of the present
invention.

[0026] The process 300d denotes the effect of change
in mobility status of the UE 102 in determining the RAN
parameters including the DRX configuration. The con-
nection is established at 304. The network entity 106
transmits a plurality of DRX configurations to the UE 102
at 306. The UE 102 determines the traffic characteristics
based on the number or types of the applications that are
currently being executed in the UE 102 at 308. Based on
the traffic characteristics, the UE 102 selects one among
the plurality of DRX configurations and/or other RAN pa-
rameters at 310. The UE 102 transmits information on
the selected DRX configuration and/or other RAN param-
eters to the network entity 106, denoted as 312. The net-
work entity 104 applies the selected DRX configuration
and/or other RAN parameters in the UE 102 for commu-
nication; the step is denoted as 314. Thereafter, an indi-
cation of application of DRX configuration and/or other
RAN parameters is displayed at step 334. When the UE
102 indicates a change in the mobility status, it is trans-
mitted at step 344. In an embodiment, the mobility status
can be sent to the network entity 104 as a report. The
network entity, at step 346 determines a need to modify
the DRX configurations and/or other RAN parameters,
at step 346. The DRX configuration and/or other RAN
parameters is modified and applied at the UE 102 in the
step 348. An indication of applied modified DRX config-
uration and/or other RAN parameters is provided at step
320. In another embodiment the mobility status of the UE
102 can be indicated to the network entity 104 in any of
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the messages or procedures during connection estab-
lishment or state transitions.

[0027] Figure 3eillustrates aflow diagram on a process
300e of the UE 102 indicating to network at change in
the traffic characteristics and UE desiring to change the
configuration, in accordance with an embodiment of the
present invention.

[0028] In another embodiment, the UE 102 sends an
indication that either during connection setup or during
ongoing connection if application composition in the UE
102 changes. For example, the UE 102 can be a mobile
communication device with set of applications running
on it, the change in application composition may refer to
change in number or types or applications being execut-
ed in the mobile communication device. Hence, the traffic
characteristics changes in the UE 102 as a result of
change in application composition. The change in appli-
cation composition is informed to the network entity 104
such as eNB, at step 350. The change is intimated to the
network entity to make the connection for extended pe-
riod and make the connected to idle transition faster to
save the power used in the UE 102.

Further, in an embodiment, Itis possible that by perform-
ing a Deep Packet Inspection (DPI) atthe network entities
such as eNB, it can also be found that the change in
traffic characteristics and indicate it to UE that it has long
lived connection or not and configure itself for corre-
sponding parameters. The network entity 104 changes
the DRX configuration and other RAN parameters at step
352. Thereafter, the process 300e continues with verifi-
cation by the UE 102 to detect the change in the appli-
cation composition, denoted at step 354. If there is any
change in the application composition, the UE 102 sends
anindication to the network entity 104. The network entity
104, thereafter, changes the DRX configurations and oth-
er RAN parameters for the UE 102. Hence, the process
300e is continued as cycle and in exemplary applications,
a predetermined period for this verification of change in
the application composition can also be made. For ex-
ample, from time to time, the UE 102 can change the
predetermined periods for verification based on prefer-
ences by user as wells as the network entity 104.
Figure 4 illustrates a block diagram of a network system
400 such as long term evolution (LTE), according to one
embodiment. Particularly, the system 400 includes Mo-
bile Tele-Communication (MTC) devices 102A-N (MTC
device can also be referred to as user equipment), an
evolved Node B (eNodeB) 104, a mobility management
entity (MME) 408, a Serving Gateway 410 (SGW), a
Packet Data Network (PDN) gateway or Packet Gateway
(PGW) 412, an operator IP network 414, and a Home
Subscriber Gateway (HSS) 416. The above entities are
connected to each other via standardized interfaces (also
referred to as network interfaces). Further, a Wireless
network is established between the MTC device 102A
and e-nodeB 104. The wireless network may be any type
of wireless network, including networks that comply with
the Mobile WiMAX (based on IEEE 802.16e or IEEE
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802.16m), 3GPP LTE, 3GPP2 AIE, IEEE 802.20 or other
wireless network standards. In a network operating en-
vironment, the plurality of MTCs (102A-N) are also able
to communicate directly with each other using the wire-
less network 104 based on the Mobile WiMAX (based on
IEEE 802.16e or IEEE 802.16m), 3GPP LTE, 3GPP2
AIE, IEEE 802.20, WiFi or other wireless network stand-
ards.

[0029] In anexemplary embodiment, the eNB 104 and
the MME 408 are connected via a S1-MME interface 422.
Also, the eNB 104 and the serving gateway 410 are con-
nected via a S1-U interface 418. Further, the serving
gateway 410 is connected to the MME 408 and the PDN
gateway 412 via a S11 interface 424 and a S5/S8 inter-
face 420, respectively. For the purpose of illustration, on-
ly one eNodeB 104 is illustrated in the system 400. How-
ever, one skilled in the art can realize that there can be
more than one eNodeBs in the system 400. Also, each
of these eNodeBs is configured for support MTC devices
and/or Legacy devices.

[0030] In an embodiment, in the system 400, eNB 104
is configured to perform functions such as Radio Re-
source Management (RRM), header compression, en-
cryption, selection of MME, packet routing to SGW, etc.
The MME 408 involves in mobility, security, PGW and
SGW selection, etc. SGW 410 hosts functions such as
mobility anchoring, packet inspection, packet routing,
buffering. PGW 412 handles functions such as packet
filtering, inspection, and packet marking. These charac-
teristic components though may be viewed as a part of
LTE networking system; they can be mimicked or re-
placed with other components performing similar func-
tions. However, the LTE networking system is one of the
characteristicimprovements witnessed in high speed da-
ta transmission and reception, and, by and large, may
be perceived as a network system on its own, comprising
number of network entities.

[0031] Figure 5illustrates a flow diagram emphasizing
on a process 500 of configuring one of the Radio Access
Network (RAN) parameters, Discontinuous Reception
(DRX) configuration, in accordance with an embodiment
of the present invention.

[0032] The process 500 begins by establishing con-
nection between the user equipment 102 and other net-
work entities eNB 104, MME 108, SGW 110, and PGW
112. The establishment of connection is denoted at 502,
with a flow line. Typically, after establishing connection,
in order to configure the DRX configuration, multiple
phases of data transfer (transmission and reception) oc-
curs, and each phase of transmission that are dedicated
to configure the DRX configuration is comprised of two
sub-phases including Coarse Configuration or Tuning,
labelled as CT in the Figure 5 and Fine Tuning, labelled
as FT in the Figure 5.

[0033] The user equipment (UE) 102 transfers one or
more inputs at the CT sub-phase of afirst phase, denoted
by 504 in the figure to re-configure Radio Access Network
(RAN) parameters including the DRX configuration as-

10

15

20

25

30

35

40

45

50

55

sociated with the user equipment 102. The inputs are
transferred to one of the network entities, i.e. one of the
eNB 104, the MME 108, the SGW 110, and the PGW
112. On receiving the inputs from the user equipment
102, a Deep Packet Inspection (DPI) is performed at the
end of the network entities. In an embodiment, the DPI
can be performed by the eNB 104 to determine data or
pack characteristics associated with the user equipment
102 with the network entities. For performing DPI, the
eNB 104 may use history of data transfer of the user
equipment 102 with the network entities. At 516, results
of the DPI are analysed and changes are incorporated
in the RAN parameters including the DRX pattern as a
result of reconfiguration. The DRX configuration may be
directly or indirectly responsible for data transmission or
reception pattern in the user equipment 102 during se-
lective portions of idle mode and connected mode. The
reconfigured DRX configuration and other RAN param-
eters are received at 518 at the UE 102.

[0034] Initiation of new application or change in appli-
cations running in the UE 102 is detected and deter-
mined, denoted with a flow line as 520. In light of the
change in applications or addition of the new application
in the UE 102, a new set of inputs may be sent by the
UE 102 to the network entity (one or more combination
of eNB 104, MME 108, SGW 110, and PGW 112). The
step is denoted with a flow line as 522. The network entity
performs the DPI, denoted with a flow line as 524. A
reconfigured DRX pattern and certain RAN parameters
with the DPI results incorporated are sent at 526 and
then received at the UE 102, denoted with a flow line as
528. The connection of the UE 102 is released thereafter
with the RAN, Random Access Network. The current
DRX configuration and the RAN parameters may be
stored, 530, at one of the network entities (eNB 104, MME
108, SGW 110, and PGW 112). In an exemplary embod-
iment, the stored DRX configurations and RAN parame-
ters in the one of the network entities will have a life time
and can be invalidated after a life time.

[0035] Inanexemplary embodiment, with the increase
in DRX active times or increase in the need to keep the
UE 102 in connected mode for a long time, Up-Link Phys-
ical Uplink Control Channel (UL PUCCH) resources may
become scarce or unutilized. Hence, the UL PUCCH re-
sources need to be tuned along with the mobility status
(e.g. number of hand-overs performed, the UE 102 last
visited cells, the Doppler frequency, the velocity of the
UE 102 that is being reported or measured) and traffic
status (traffic characteristics unique to the UE 102 based
on applications). For example, when the UE 102 is in low
mobility state some of the RAN parameters such as
Channel Quality Indicator (CQl), Pre-coding Matrix Indi-
cator (PMI), Rank Indication (RI), and Sound Reference
Signal (SRS) do not differ much and when reported on
minor changes, it may be perceived as disadvantaged
utilization of resources. Reporting of these parameters
may be stopped or the frequency of the reporting can be
reduced. In other words, the UE 102 can directly report
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the mobility state such as low, high, medium etc. for which
thresholds may be set in the network. Further, reporting
of the RAN parameters related to mobility status may be
performed by the UE 102 by L2 or L3 signalling.

[0036] Further,whenanew application is detected, the
UE 102 starts sending data at step 532. The connection
of the UE 102 with the RAN is re-established at 534. The
stored DRX pattern and the other RAN parameters, as
mentioned at 530, is retrieved at 536 and applied for com-
munication with the UE 102. The retrieval and application
of the stored DRX pattern and the other RAN parameters
is performed by at least one of the network entities (eNB
104, MME 108, SGW 110, and PGW 112). To verify
whether the retrieved DRX pattern the other RAN param-
eters are the suitable ones, one of the network entities
perform the DPI with respect to the UE 102. The step is
denoted at 538. In addition to the DPlinputs, the retrieved
DRX pattern the other RAN parameters are reconfigured
540 (flow line) and applied 542 (flow line) at the UE 120.
[0037] In an embodiment, the steps described above
may be performed as a cycle or as a continuous improve-
ment process with the UE 102, in combination with the
network entities to achieve an optimum DRX pattern and
RAN parameters.

[0038] Figure 6 illustrates a flow diagram illustrating a
process 600 of updating the DRX configuration by mon-
itoring channels of an LTE network, in accordance with
an embodiment of the present invention.

[0039] Further, in an embodiment, the UE 102 in con-
nected mode, 602, the UE 102 may have to follow the
DRX configuration though there is no active data, denot-
ed by 606. At 608, In DRX ON duration of the DRX con-
figuration, the UE 102 continuously monitors and de-
codes Physical Downlink Control Channel (PDCCH).
When there is no data in Down Link (DL), 610, and the
UE 102 has entered DRX ON as part of DRX cycle, the
system 100 may need to communicate about DL data
status to the UE 102, denoted by 612. Thereafter, the
UE 102 stops monitoring the DL status. At 616, the com-
munication between the UE 102 and the system 100 may
encompass, the system 100 sending data indicating at
the start of DRX ON period in the DRX configuration that
there is no data and the UE 102 can stop decoding PD-
CCH. In another mode, 618, of communication may be
the UE 102, by default may not start PDCCH decoding
at the start of DRX on period in DRX configuration, for
which the system 100 need to send a Down Link-Status
Report (DL-SR) to start PDCCH decoding. In yet another
mode, 620 of communication may be that the UE 102
may decode PDCCH for few sub frames from the start
of DRX ON and halt PDCCH decoding if no PDCCH is
decoded in those sub frames.

[0040] Figure 7 is a block diagram illustrating the User
Equipment (UE) 102 capable of managing the RAN pa-
rameter, the DRX configuration, in accordance with an
embodiment of the present invention.

[0041] The UE 102 includes a processor 702, memory
704, a read only memory (ROM) 706, a transceiver 708,
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a bus 710, a transmitter 712, and a receiver 814.
[0042] The processor 702, as used herein, means any
type of computational circuit, such as, but not limited to,
a microprocessor, a microcontroller, a complex instruc-
tion set computing microprocessor, a reduced instruction
set computing microprocessor, a very long instruction
word microprocessor, an explicitly parallel instruction
computing microprocessor, a graphics processor, a dig-
ital signal processor, or any other type of processing cir-
cuit. The processor 702 may also include embedded con-
trollers, such as generic or programmable logic devices
or arrays, application specific integrated circuits, single-
chip computers, smart cards, and the like.

[0043] The memory 704 may be volatile memory and
non-volatile memory. The memory 704 includes a DRX
configuration module 716 for managing the RAN param-
eters, and the DRX configurations. The DRX configura-
tion module 716 may include a predefined set of instruc-
tions for different configuration requirements of Discon-
tinuous Reception mode of the UE 102. In an embodi-
ment the DRX configuration module 716 includes a se-
lection module 716 configured to select one DRX config-
uration from a plurality of DRX configuration sent from
the network entity 104, and a traffic characteristics de-
termination module to determine traffic characteristics of
the UE 102 continuously for any change in the application
composition occurring. A variety of computer-readable
storage media may be stored in and accessed from the
memory elements. Memory elements may include any
suitable memory device(s) for storing data and machine-
readable instructions, such as read only memory, ran-
dom access memory, erasable programmable read only
memory, electrically erasable programmable read only
memory, hard drive, removable media drive for handling
memory cards, Memory Sticks™, and the like.
Embodiments of the present subject matter may be im-
plemented in conjunction with modules, including func-
tions, procedures, data structures, and application pro-
grams, for performing tasks, or defining abstract data
types or low-level hardware contexts. Machine-readable
instructions stored on any of the above-mentioned stor-
age media may be executable by the processor 702. For
example, a computer program may include machine-
readable instructions capable of configuring the set of
RAN parameters and the plurality of DRX configurations.
In one embodiment, the computer program may be in-
cluded on a storage medium and loaded from the storage
medium to a hard drive in the non-volatile memory. The
transceiver 708 is configured for transmitting the DRX
configurations and the set of parameters or RAN param-
eters to the serving gateway 410 over a single S1-U bear-
er via the S1-U interface 418.

[0044] Figure 8 is a block diagram illustrating the
evolved node (eNB) 104 capable of managing the RAN
parameter, the DRX configuration, in accordance with an
embodiment of the present invention

[0045] In an embodiment, the evolved node B 104 or
the network entity 104 includes a processor 802, memory
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804, a read only memory (ROM) 806, a transceiver 808,
and a bus 810, a transmitter 812, and a receiver 814.
[0046] The memory 804 may be volatile memory and
non-volatile memory. The memory 804 includes a RAN
parameters configuring module 816 for managing the
RAN parameters, including the DRX configurations. The
RAN parameters configuring module 816 may include a
predefined set of instructions for different configuration
requirements of RAN parameters for variety of modes
including Discontinuous Reception mode of the UE 102.
T

[0047] The present embodiments have been de-
scribed with reference to specific example embodiments;
it will be evident that various modifications and changes
may be made to these embodiments without departing
from the broader spirit and scope of the various embod-
iments. Furthermore, the various devices, modules, se-
lectors, estimators, and the like described herein may be
enabled and operated using hardware circuitry, for ex-
ample, complementary metal oxide semiconductor
based logic circuitry, firmware, software and/or any com-
bination of hardware, firmware, and/or software embod-
ied in a machine readable medium. For example, the
various electrical structure and methods may be embod-
ied using transistors, logic gates, and electrical circuits,
such as application specific integrated circuit.

Some examples are provided in following clauses.

Clause 1 A method of configuring parameters of a
Radio Access Network (RAN) in a wireless network
system, comprising:

receiving a plurality of Discontinuous Reception
(DRX) configurations from a network entity of
the wireless network system, wherein the plu-
rality of DRX configurations is one of the param-
eters of the RAN;

determining traffic characteristics of applica-
tions running in the user equipment; selecting
one of the plurality of DRX configurations based
on the traffic characteristics associated with the
user equipment; and

transmitting information on the selected DRX
configuration to the network entity so that the
network entity applies the selected DRX config-
uration for the user equipment.

Clause 2 The method according to clause 1, further
comprising:

determining whether any of the plurality of DRX
configurations is suitable for the traffic charac-
teristics corresponding to the applications; and
sending a request to the network entity for pro-
viding different set of DRX configurations when
none of the plurality of DRX configurations are
suitable.

10

15

20

25

30

35

40

45

50

55

Clause 3 The method according to clause 1, further
comprising:

determining change in traffic characteristics of
the applications in the user equipment;
sending a notification to the network entity on
change in the traffic characteristics of the appli-
cations running in the user equipment; and
receiving a modified DRX configurations based
on the notification, wherein the modified DRX
configurations are received from the network en-
tity.

Clause 4 The method according to clause 1, further
comprising:

determining a set of parameters associated with
the user equipment; and

transmitting the set of parameters associated
with the user equipment to the network entity.

Clause 5 A method of applying a DRX configuration
for a user equipment in a wireless network system,
comprising:

providing a plurality of DRX configurations to the
user equipment;

receiving a DRX configuration from the user
equipment, wherein the received DRX configu-
ration is selected by the user equipment from
the plurality of DRX configurations based on traf-
fic characteristics of applications running in the
user equipment; and

applying the received DRX configuration for
communication with the user equipment.

Clause 6 The method of clause 5, further comprising:

detecting transition of the user equipment from
the connected mode to idle mode; and

storing the applied DRX configuration associat-
ed with the user equipment in a memory of the
network entity.

Clause 7 The method according to clause 5, wherein
the DRX configuration comprises inactivity timer,
on ? duration timer, long/short DRX cycle, and a
short cycle timer.

Clause 8 The method according to clause 5, further
comprising:

receiving a report mobility status of the user
equipment in the wireless network system;
determining mobility status of the user equip-
ment in the wireless network system;
determining appropriate connected to idle tran-
sition timer value based on the determined mo-
bility status of the user equipment;
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determining whether to modify the DRX config-
uration based on the mobility status of the user
equipment;

if so, modifying the DRX configuration and other

none of the plurality of DRX configurations are
suitable.

Clause 12 The apparatus as recited in clause 10,

radio access parameters based on the mobility 5 wherein the DRX configuration module is further con-
status; and figured for:
if not, applying the current DRX configuration
and other radio access parameters for commu- determining change in traffic characteristics of
nication with the user equipment. the applications in the user equipment;
10 sending a notification to the network entity on
Clause 9 The method according to clause 5, further change in the traffic characteristics of the appli-
comprising: cations running in the user equipment; and
receiving a modified DRX configurations based
receiving a notification from the user equipment on the notification, wherein the modified DRX
on change in the traffic characteristics with re- 15 configurations are received from the network en-
spect to the change in the number or types of tity.
applications running in the user equipment;
modifying the DRX configuration based on the Clause 13 The apparatus as recited in clause 10,
notification; and wherein the DRX configuration module is further con-
applying the modified DRX configuration for 20 figured for:
communication with the user equipment.
determining a set of RAN parameters associat-
Clause 10 An apparatus for configuring Radio Ac- ed with the user equipment; and
cess Network (RAN) parameters for communication transmitting the set of RAN parameters associ-
in a wireless network systems, comprising: 25 ated with the user equipment to the network en-
tity.
a processor capable of assisting in configuring
RAN parameters; and Clause 14 An apparatus for configuring Radio Ac-
amemory coupled to the processor, wherein the cess Network (RAN) parameters for communication
memory comprises a Discontinuous Reception 30 with auser equipmentin a wireless network systems,
(DRX) configuration module capable for config- comprising:
uring one of the RAN parameters, DRX config-
uration for communication with a user equip- a processor capable of assisting in configuring
ment, wherein the DRX configuration module is RAN parameters; and
configured for: 35 a memory coupled to the processor, wherein the
memory comprises a RAN parameters config-
receiving a plurality of DRX configurations uring module, the RAN parameters comprises
from a network entity of the wireless network a Discontinuous Reception (DRX) configura-
system; tion, the RAN parameters configuring module is
determining traffic characteristics of appli- 40 configured for:
cations running in the user equipment; se-
lecting one of the plurality of DRX configu- providing a plurality of DRX configurations
rations based on the traffic characteristics to the user equipment;
associated with the user equipment; and receiving a DRX configuration from the user
transmitting information on the selected 45 equipment, wherein the received DRX con-
DRX configuration to the network entity so figuration is selected by the user equipment
that the network entity applies the selected from the plurality of DRX configurations
DRX configuration for the user equipment. based on traffic characteristics of applica-
tions running in the user equipment; and
Clause 11 The apparatus as recited in clause 10, 50 applying the received DRX configuration for
wherein the DRX configuration module is further con- communication with the user equipment.
figured for:

Clause 15 The apparatus as recited in clause 14,
determining whether any of the plurality of DRX wherein the RAN parameters configuring module is
configurations is suitable for the traffic charac- 55 further configured for:
teristics corresponding to the applications; and
sending a request to the network entity for pro- detecting transition of the user equipment from
viding different set of DRX configurations when the connected mode to idle mode; and
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storing the applied DRX configuration associat-
ed with the user equipment in a memory of the
network entity.

Clause 16 The apparatus as recited in clause 14,
wherein the DRX configuration comprises inactivity
timer, on ? duration timer, long/short DRX cycle, and
a short cycle timer.

Clause 17 The apparatus as recited in clause 14,
wherein the RAN parameters configuring module is
further configured for:

determining mobility status of the user equip-
ment in the wireless network system;
determining appropriate connected to idle tran-
sition timer value based on the determined mo-
bility status of the user equipment; and
determining whether to modify the DRX config-
uration based on the mobility status of the user
equipment;

if so, modifying the DRX configuration and other
radio access parameters based on the mobility
status; and

if not, applying the current DRX configuration
and other radio access parameters for commu-
nication with the user equipment.

Clause 18 The apparatus as recited in clause 14,
wherein the RAN parameters configuring module is
further configured for:

receiving a notification from the user equipment
on change in the traffic characteristics with re-
spect to the change in the number or types of
applications running in the user equipment;
modifying the DRX configuration based on the
notification; and

applying the modified DRX configuration for
communication with the user equipment.

Claims

A method for providing information for power saving
by aterminalin a wireless network system, the meth-
od comprising:

receiving, from a base station, configuration in-
formation associated with a power of the termi-
nal;

determining whether current information for
power saving is different from previous informa-
tion for power saving based on the configuration
information; and

transmitting, to the base station, an indication
associated with the current information for pow-
ersavingifthe currentinformation for power sav-
ing is different from the previous information for
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10

power saving.

The method according to claim 1, further comprising:
transmitting, to the base station, terminal mobility in-
formation generated based on mobility status of the
terminal.

The method according to claim 1, further comprising:
receiving, from the base station, discontinuous re-
ception (DRX) configuration information configured
based on the current information for power saving.

The method according to claim 1, further comprising:

determining change in traffic characteristics of
applications running in the terminal, wherein the
change in the traffic characteristics is associated
with the current information for power saving;
and

receiving, from the base station, modified DRX
configuration information configured based on
the change in the traffic characteristics.

5. A method for receiving information for power saving

by a base station in a wireless network system, the
method comprising:

transmitting, to a terminal, configuration infor-
mation associated with a power of the terminal;
and

receiving, from the terminal, an indication asso-
ciated with current information for power saving
of the terminal if the current information for pow-
er saving of the terminal is different from previ-
ous information for power saving of the terminal
based on the configuration information.

The method according to claim 5, further comprising:
receiving, from the terminal, terminal mobility infor-
mation generated based on mobility status of the ter-
minal.

The method according to claim 5,

determining whether any of a plurality of discontin-
uous reception (DRX) configurations is suitable for
the current information for power saving; and
transmitting, to the terminal, DRX configuration in-
formation corresponding to determined DRX config-
uration.

The method according to claim 5, further comprising:

transmitting modified DRX configuration infor-
mation corresponding to change in traffic char-
acteristics of applications running in the termi-
nal,

wherein the change in the traffic characteristics
is associated with the current information for
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power saving. receive, from the terminal, an indication as-
sociated with current information for power

9. Aterminal for providing information for power saving saving of the terminal if the current informa-
in a wireless network system, the terminal compris- tion for power saving of the terminal is dif-

ing: 5 ferent from previous information for power

a transceiver; and
a controller coupled with the transceiver and
configured to control to:

14.

saving of the terminal based on the config-
uration information.

The base station according to claim 13, wherein the

10 controller is further configured to:
receive configuration information from a receive, from the terminal, terminal mobility informa-
base station associated with a power of the tion generated based on mobility status of the termi-
terminal, nal.
determine whether current information for
power saving is different from previous in- 75 15. The base station according to claim 13,
formation for power saving based on the wherein the controller is further configured to:
configuration information, and
transmit an indication associated with the determine whether any of a plurality of discon-
current information for power saving to the tinuous reception (DRX) configurations is suita-
base station if the current information for 20 ble for the current information for power saving;
power saving is different from the previous and
information for power saving. transmitting DRX configuration information cor-
responding to determined DRX configuration to
10. The terminal according to claim 9, wherein the con- the terminal.
troller is further configured to: 25
transmit, to the base station, terminal mobility infor-
mation generated based on mobility status of the ter-
minal.
11. The terminal according to claim 9, 30
the controller is further configured to receive, from
the base station, discontinuous reception (DRX)
configuration information configured based on the
current information for power saving.
35

12. The terminal according to claim 9,
wherein the controller is further configured to:

determine change in traffic characteristics of ap-
plications running in the terminal, wherein the 40
change in the traffic characteristics is associated

with the current information for power saving;

and

receiving, from the base station, modified DRX
configuration information configured based on 45
the change in the traffic characteristics.

13. A base station for receiving information for power
saving in a wireless network system, the base station
comprising: 50

a transceiver; and
a controller coupled with the transceiver and
configured to control to:
55
transmit configuration information associat-
ed with a power of a terminal to the terminal,
and

1"
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[Figure 3b]
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[Figure 3d]
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[Figure 5]
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[Figure 6]
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[Figure 7]
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